Introduction
Malnutrition is a major health problem in low-and middleincome countries, particularly in children less than 5 years of age. Recent estimates suggest that 3.5% of children worldwide, or nearly 20 million, are severely malnourished. 1 Severe acute malnutrition (SAM), characterized by a weight of less than 70% of the median weight for height and/or bipedal oedema, is a life-threatening condition. 2, 3 In the absence of appropriate treatment, case-fatality rates in hospitalized children range from 30% to 50%. 1, 4 In 1999 the World Health Organization (WHO) published Management of severe malnutrition: a manual for physicians and other senior health workers 2 to update its 1981 guidelines. A chapter on SAM is also included in the 1995 WHO Pocketbook of hospital care for children. 3 Both guidelines focus on hospitalized children. Given recent advances with ready-touse therapeutic foods, WHO, the United Nations Children's Fund, the United Nations World Food Programme and the United Nations Standing Committee on Nutrition released a 2007 statement supporting the community treatment of severe malnutrition. The statement focuses on the outpatient management of children with SAM and no medical complications. 5 Uncomplicated SAM is defined as a weight of greater than 60% of the median weight for height without marasmic kwashiorkor or severe pitting oedema in children older than 6 months, and without anorexia, fever, hypothermia, vomiting, severe dehydration, severe anaemia, altered consciousness, altered respiration or moderate to severe skin infections.
Since their publication, the WHO guidelines for the hospital treatment of children with SAM have been implemented in many countries worldwide. A recent systematic review highlighted that their implementation has resulted in half of the in-hospital mortality observed with conventional treatment. 4 Despite these guidelines, SAM-related mortality remains high in many settings primarily because of operational hindrances to correct guideline implementation 6, 7 and because the affected population has changed as a result of the epidemic of human immunodeficiency virus (HIV) in many countries. A recent systematic review of 17 studies (4891 children) reported that, despite treatment for malnutrition, malnourished children who are HIV-positive (HIV+) are significantly more likely to die than malnourished children who are HIV-negative (HIV−) (30.4% versus 8.4%, respectively; P < 0.001; relative risk, RR: 2.81). 8 Other factors, such as changing patterns of susceptibility to antibiotics, may also explain the reduced effectiveness of the guidelines in some contexts.
The WHO guidelines for the hospital treatment of children with SAM include a sequence of 10 fundamental steps. We focus this review on WHO's recommendations for antibiotic treatment (Box 1). 2, 3 Rationale for antibiotics in severely malnourished children Several epidemiological studies have documented a high prevalence of pneumonia, bacteraemia and urinary tract infections in children with malnutrition (Table 1) . [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In this cohort a wide range of both Gram-positive and Gram-negative organisms are Objective To systemically review the evidence in support of World Health Organization guidelines recommending broad-spectrum antibiotics for children with severe acute malnutrition (SAM). Methods CENTRAL, MEDLINE, EMBASE, LILACS, POPLINE, CAB Abstracts and ongoing trials registers were searched. Experts were contacted. Conference proceedings and reference lists were manually searched. All study types, except single case reports, were included. Findings Two randomized controlled trials (RCTs), one before-and-after study and two retrospective reports on clinical efficacy and safety were retrieved, together with 18 pharmacokinetic studies. Trial quality was generally poor and results could not be pooled due to heterogeneity. Oral amoxicillin for 5 days was as effective as intramuscular ceftriaxone for 2 days (1 RCT). For uncomplicated SAM, amoxicillin showed no benefit over placebo (1 retrospective study). The introduction of a standardized regimen using ampicillin and gentamicin significantly reduced mortality in hospitalized children (odds ratio, OR: 4.0; 95% confidence interval, CI: 1.7-9.8; 1 beforeand-after study). Oral chloramphenicol was as effective as trimethoprim-sulfamethoxazole in children with pneumonia (1 RCT). Pharmacokinetic data suggest that normal doses of penicillins, cotrimoxazole and gentamicin are safe in malnourished children, while the dose or frequency of chloramphenicol requires adjustment. Existing evidence is not strong enough to further clarify recommendations for antibiotic treatment in children with SAM. Conclusion Large RCTs are needed to define optimal antibiotic treatment in children with SAM with and without complications. Further research into gentamicin and chloramphenicol toxicity and into the pharmacokinetics of ceftriaxone and ciprofloxacin is also required.
Pathogen prevalence and the risk of infection in children with uncomplicated SAM treated in the community is still not clear. It is also uncertain whether infection rates and types are different in HIV+ and HIV− children. [10] [11] [12] [13] Patterns of susceptibility to antibiotics vary between countries, although high rates of in vitro resistance to ampicillin and cotrimoxazole, as reported in several African countries, are causing general concern. [10] [11] [12] [13] [14] [15] High rates of resistance to second-line antibiotics such as chloramphenicol, gentamicin and cephalosporins have also been reported in selected contexts, [12] [13] [14] [15] while in general, sensitivity to ciprofloxacin remains high (Table 1) . [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In vitro resistance, however, does not necessarily translate into lack of clinical efficacy.
The objective of this review is to examine studies evaluating the efficacy, safety and pharmacokinetics (PK) of antibiotics in children with severe acute malnutrition (SAM). This review was commissioned by WHO's Department of Essential Medicines and Pharmaceutical Policies to assess the existing evidence behind current WHO antibiotic recommendations for the management of SAM, allowing further revision of guidelines and recommendations for future research. To our knowledge, no other systematic reviews addressing this specific question have been published.
Methods
Two authors independently reviewed data on pharmacokinetics and clinical efficacy and safety. Both authors collaborated on and cross-checked extracted data, analysis of results and final recommendations.
We wrote a protocol of our methods that was externally reviewed before we searched and summarized the data. Our inclusion criteria were as follows: (i) any study type that reported patient outcomes except single case reports; (ii) for clinical studies, only children under 12 years of age, and for pharmacokinetic studies, adults as well; (iii) as antibiotics, amoxicillin, ampicillin, cotrimoxazole, gentamicin, penicillin G, chloramphenicol, ceftriaxone and ciprofloxacin; as a control in controlled trials, placebo or active treatment; as predefined outcomes, death, recovery, weight gain, prevention of septic shock and adverse events.
We searched CENTRAL, MED-LINE, EMBASE, LILACS, POPLINE and CAB Abstracts to retrieve relevant studies published between 1951 and September 2010 regardless of language, publication status or study type (Box 2). For ongoing trials, we also accessed the WHO International Clinical Trials Registry Platform, metaRegister of Current Controlled Trials, Clinical trial.gov, the European register of clinical trials on medicines for children and the Lancet's list of accepted protocols. We contacted experts in the field and manually searched presentations from relevant conferences, reports and the reference lists of the studies identified. We used standard textbooks as references for pharmacokinetic data in eutrophic children. 24, 25 Data collection and analysis
We scrutinized every paper to avoid duplication and assessed the full text of all potentially relevant trials. To extract the data we used a predefined form. Study heterogeneity in intervention population and design prevented us from pooling the results. These are shown in tables and in the text. We used Cochrane criteria to assess the risk of bias (quality) in the clinical studies.
Results
Study selection is reported in Fig. 1 . Although we found 2100 studies in broad sensitive searches, only 23 were suitable for inclusion. Studies were excluded because either they lacked relevance to the question, were duplicated, were case reports or animal studies, studied inappropriate populations or had a poor trial design. Table 2 shows the characteristics of clinical studies and the overall risk of bias in each study. 21, [26] [27] [28] [29] Characteristics of pharmacokinetic studies are detailed in Table 3, Table 4 and Table 5 . [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] All included studies refer to children with SAM unless otherwise stated.
Amoxicillin

Clinical safety and efficacy
Two studies were retrieved: one was a randomized controlled trial (RCT) and the other a retrospective study (n = 458 and n = 2453, respectively). In the RCT, no significant differences in any of the efficacy outcomes were found in children with SAM who received oral amoxicillin for 5 days versus intramuscular ceftriaxone for 2 days. Adverse events were more frequent in the amoxicillin group (eight drug reactions versus two; P = 0.05). No local infections or pain after intramuscular ceftriaxone injection were observed. The costs of treating one child weighing 10 kg were 1.60 United States dollars (US$) for ceftriaxone versus US$ 0.20 for amoxicillin. 27 In the retrospective study, which compared oral amoxicillin for 7 days to no antibiotics, children with uncomplicated SAM who received amoxicillin had a lower recovery rate (39.8%) than untreated children (70.8%) (P < 0.001) at 4 weeks but a similar rate of recovery at 12 weeks, and similar rates of death and default. 26 One ongoing RCT is exploring the efficacy of amoxicillin versus cefdinir versus no treatment in children with 
Pharmacokinetics
Three small studies reported on the pharmacokinetics of oral penicillins (Table 3) . [30] [31] [32] The oral bioavailability of penicillin V was the same regardless of nutritional status, although it was significantly reduced when the drug was taken with food. 30 Time to maximum concentration (C max ) of amoxicillin was significantly longer in children with kwashiorkor 31 and time to C max of penicillin V was longer, though not significantly, in all malnourished groups. 30 However, all malnourished subjects attained high enough serum levels for clinical effect to One child who was in shock had a trough level of 5.5 μg/ml; longer clearance was noted in children with hypothermia, high serum creatinine or large base excess. Systematic reviews Antibiotics in severely malnourished children Marzia Lazzerini & David Tickell occur (i.e. the minimum inhibitory concentration [MIC] for common infecting organisms). [30] [31] [32] Although not reported, the volume of distribution (i.e. the distribution of a drug between plasma and the rest of the body) can be assumed from parenteral models given similar peak concentrations, as described later in the text.
Systematic reviews
Studies suggest that reduced renal blood flow and glomerular filtration rate in malnutrition lengthen drug half life and cause slow clearance. 30, 32, 35 However, the side-effects of amoxicillin are predominantly idiosyncratic, with minimal dose-related toxicity.
24,25 Therefore, time above MIC is more important to therapeutic efficacy than serum concentrations ("maximal dose" strategy). 24 
Cotrimoxazole
Clinical safety and efficacy
No studies were retrieved on cotrimoxazole as a first-line treatment for children with SAM. One ongoing study in Kenya is examining the use of cotrimoxazole as a prophylaxis against infections to reduce mortality in these children (trial identifier NCT00934492).
Pharmacokinetics
Two studies, both with a small sample size, were retrieved (Table 3) . 33, 34 Cotrimoxazole has high oral bioavailability 24, 25 and differences between malnourished and eutrophic children in peak concentrations or in time to C max were not significant. 34 Malnourished and eutrophic children also showed similar volumes of distribution. 34 According to limited data on sulfamethoxazole, malnutrition results in prolonged half life, a larger area under the plasma concentration curve (AUC) and non-significantly slower drug clearance. 34 The AUC represents drug bioavailability in terms of plasma concentration as a function of time and indicates the potential for both therapeutic effect and toxicity.
Ampicillin and gentamicin
Clinical safety and efficacy
One before-and-after study (n = 300) reported on second-line antibiotics in children with SAM. The introduction of a standardized antibiotic regimen composed of ampicillin and gentamicin, together with an algorithm for hypoglycemia management, reduced the case fatality rate from 20% to 6% (OR = 4; 95% CI: 1.7-9.8). 28 Given the design of the study, it is not possible to estimate the relative effect of the introduction of the antibiotic treatment regimen alone.
Pharmacokinetics
Parenteral penicillin
Three studies were retrieved (n = 47, n = 29 and n = 8 respectively ; Table 4) . 30, 32, 35 None found a significant difference in C max when penicillins were delivered intramuscularly to malnourished versus eutrophic individuals. 30, 32 A trend towards a lower volume of distribution was found in subjects with marasmus and marasmic kwashiorkor, 30 with no significant changes noted between admission and recovery. 35 There was no appreciable change in protein binding in the presence of malnutrition. 33 Significantly slower clearance in all states of malnutrition was seen in one study, 30 and a similar trend was seen in another. 32 After nutritional rehabilitation a return to a shorter half life and to faster clearance was shown. 35 
Gentamicin
Five studies were retrieved (Table 4) . [36] [37] [38] [39] [40] Gentamicin administered intramuscularly reached similar peak plasma concentrations in malnourished children and eutrophic controls, 36, 37 but intravenous gentamicin resulted in lower plasma concentrations in malnourished infants (explained by a larger volume of distribution, with more drug moving into non-plasma tissues). 39 Two studies showed a higher volume of distribution in malnourished children, 36, 39 and one found a low to normal volume of distribution on admission and a rise with recovery. 40 Gentamicin exhibits concentrationdependent activity and a "post-antibiotic effect" (i.e. persistent bactericidal activity even below the MIC). Thus, one daily dose instead of three can lower toxicity. Compared with traditional three times daily dosing, a single daily dose produced higher peak concentrations and lower 24-hour trough levels in malnourished children, 38 with values comparable to those seen in well nourished children. 24, 49 Gentamicin nephrotoxicity and ototoxicity result from prolonged serum levels > 2 μg/ml, 24, 25 largely reflecting AUC and clearance, so monitoring serum levels is recommended. However, clearance appears largely unaffected by malnutrition 36, 37, 39 (except for prolonged clearance in shock and renal impairment), 36 although one small study found delayed clearance and half life, which improved with rehabilitation. 40 There were no reports of differences in AUC between groups 37, 39 or of an increase in adverse events with high peak concentrations. 24 
Chloramphenicol
Clinical safety and efficacy
One RCT (n = 144) was retrieved. In children with SAM complicated by clinical and radiological pneumonia, the number of children recovering, treatment failures or deaths was the same in children treated with oral chloramphenicol and with cotrimoxazole. This trial was conducted from 1990-92 in a context of low resistance to cotrimoxazole and low HIV prevalence. 21 
Pharmacokinetics
Seven original studies [41] [42] [43] [44] [45] [46] [47] (Table 5 ) and one review 48 were found. Oral administration studies demonstrate variable absorption and peak concentrations in malnourished subjects. [42] [43] [44] 47 All studies of intravenous administration but one show higher peak concentrations in malnourished subjects than in eutrophic controls 43, 45, 46 No studies looked at intramuscular administration. With multiple oral or intravenous doses, steady-states were significantly higher in malnourished children versus controls. 46 Studies found no significant change in volume of distribution 41, 43 or protein binding 33, 44 in malnourished subjects. Several studies show significantly slower clearance and/or a longer half life leading to higher AUC, 41, 43, 44, 47 mostly owing to poor hepatic conjugation resulting from malnutrition. 41 In contrast, two weaker studies found faster elimination kinetics in malnourished subjects. 42, 45 Many pharmacokinetic abnormalities resolved with nutritional rehabilitation. 44, 47 Although some adverse events are idiosyncratic, 24 data suggest concentrations > 25-30 μg/ml may precipitate toxicity, including bone marrow suppression. 24, 25, 41 A review therefore concluded that a reduced dose of chloramphenicol would be warranted in malnourished subjects, 48 a view supported by multiple studies finding higher drug concentrations [42] [43] [44] 46, 47 and delayed elimination in the presence of malnutrition. 41, 43, 44, 47 Ceftriaxone No published studies were retrieved for ceftriaxone. One ongoing trial is examining the use of ceftriaxone in children with 
Ciprofloxacin
No studies were retrieved for ciprofloxacin. One ongoing trial is looking at oral absorption of ciprofloxacin in children with SAM (trial identifier IS-RCTN31079753).
All other antibiotics
Clinical safety and efficacy
One personal communication about a retrospective review of case notes was retrieved. In children with SAM admitted to therapeutic feeding centres, a significant association was found between mortality ratio (i.e. observed mortality divided by expected mortality using the Prudhon Index) 50 and the use of an antibiotic upon admission (r 2 = 0.37; P = 0.002). Other aspects of care were not controlled for rigorously. 29 
Discussion
This review highlights the lack of good quality clinical studies on the use of antibiotics in severely malnourished children. Of the few pharmacokinetic studies that exist, most use single dose kinetics and rarely correlate findings with clinical outcomes, limiting conclusions. Most of them have also excluded severely compromised children, which limits the generalizability of the findings. Given these limitations, the following conclusions can be drawn.
First-line antibiotics
Whether antibiotics should be given routinely to children with uncomplicated SAM undergoing outpatient treatment remains undetermined. Epidemiological data on the risk of infection in these children are lacking. The good clinical condition and low case fatality rates reported in these children, 5 together with the findings of one retrospective study, 26 suggest that these children have a low risk of bacterial infections. However, the risk of infection differs in subgroups of children, such as those who are HIV-infected. Data on HIV+ malnourished children, although inconsistent, suggest that they suffer more frequent episodes of severe pneumonia and diarrhoea 10, 51 and have higher rates of death from bacteraemia. 11, 51 Cotrimoxazole remains questionable as first-line therapy in HIV+ children already receiving the drug for Pneumocystis jeroveci (carinii) pneumonia prophylaxis, and efficacy may also be affected by antibiotic resistance patterns in many settings. Amoxicillin remains a valuable option, since it has been proven as efficacious as ceftriaxone but cheaper. Pharmacokinetic studies support the use of oral penicillin in children with SAM at the same doses used for eutrophic children unless severe malabsorption or diarrhoea are present. Taking the drug during fasting can increase absorption.
No further data are available to guide recommendations surrounding the use of first-line antibiotics. Whether first line antibiotics are appropriate for hospitalized children, who by definition have complicated SAM, remains to be determined. An alternative would be to automatically consider these children for a "second-line" regimen.
Second-line antibiotics
Based on epidemiological data, 9-23 recommending broad-spectrum antibiotics for children with complicated SAM appears reasonable. Only one retrospective study reported on the use of ampicillin and gentamicin, whose use led to lower case fatality rates than a previous non-standard protocol. Pharmacokinetic data suggest that parenteral penicillin and gentamicin can be safely given to malnourished children at the doses and intervals recommended for non-malnourished children, unless renal failure or shock are present.
The comparative efficacy and safety of other parenteral antibiotics have not been studied. Moreover, high rates of in vitro resistance to ampicillin and gentamicin have been reported in several African countries (Table 1) . [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] According to discussions with staff members, institutions for the care of malnourished children vary in the degree to which they follow current recommendations. Many institutions are now giving more potent broad-spectrum antibiotics to hospitalized malnourished children guided largely by local in vitro sensitivity data.
Third-line antibiotics
Only one small RCT reported equivalent efficacy for cotrimoxazole and oral chloramphenicol in children with pneumonia, albeit with limited generalizability. 21 Moreover, pharmacokinetic studies suggest that oral chloramphenicol is erratically absorbed in malnourished children and that parenteral administration is preferable. Given the risk of accumulation and potential toxicity, adjusting the dose or the frequency is recommended until further data on safety become available.
Other third-line antibiotics often used in practice include ceftriaxone and ciprofloxacin. No studies have been published on the efficacy, safety or pharmacokinetics of these drugs in children with SAM. Ceftriaxone has a broad spectrum, is given in a single daily dose intravenously or intramuscularly and has a wide therapeutic window that increases its likely safety. Reducing its dose or frequency is advisable in children with severe renal compromise. Ciprofloxacin remains a promising treatment considering its broad spectrum, good oral bioavailability and low reported resistance rates. These two drugs are often costly, although their prices have decreased in the recent past, and both are already available and widely used in many low-and middle-income regions. Data on the efficacy and safety of these antibiotics in children with SAM are urgently needed.
Summary and recommendations
The use of broad-spectrum antibiotics for children with SAM is supported by epidemiological data demonstrating a high prevalence of infections in these children, but clinical studies are lacking. Evidence supports the use of amoxicillin as a first-line treatment option. However, in children with uncomplicated SAM who are undergoing outpatient management, whether routine antibiotics infer an extra benefit is unclear.
Ampicillin and gentamicin, as recommended by current WHO guidelines, are the only second-line antibiotics that have been studied in controlled trials. There is support from low-quality evidence for their use in hospitalized children with SAM.
Global recommendations for antibiotic treatment in children with malnutrition cannot be further clarified at present because there are few ongoing clinical and pharmacokinetic trials. Local patterns of susceptibility to antibiotics should be taken into account in the choice of an antibiotic.
Well designed RCTs are required to further address doubts surrounding the routine use of antibiotics in uncomplicated SAM, with stratification for HIV status. Also needed are multicentre, multiarm RCTs to further assess the efficacy and safety of different antibiotic regimens for complicated SAM and to Systematic reviews Antibiotics in severely malnourished children Marzia Lazzerini & David Tickell compare in vitro sensitivity data with clinical outcomes, with stratification for HIV status. Pharmacokinetic studies on the use of ceftriaxone and ciprofloxacin in malnourished children are also urgently needed given the increased availability and use of these antibiotics in many settings.
Admittedly, children with complicated SAM are difficult to study because they often have life-threatening presentations and their multi-faceted management produces many confounding variables. Lack of resources further limits studies. This systematic review has shown that more clinical and pharmacokinetic trials are clearly needed to provide these children with the best available evidence-based care. ■ Funding: The original technical report from which this work derives was funded by the WHO, Essential Medicines and Pharmaceutical Policies, Geneva.
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Резюме
Применение антибиотиков при лечении детей, страдающих тяжелой острой недостаточностью питания: систематический обзор эффективности, безопасности и фармакокинетики Цель Провести систематический обзор данных в поддержку разработанного Всемирной организацией здравоохранения руководства, рекомендующего применение широкого спектра антибиотиков при лечении детей, страдающих тяжелой острой недостаточностью питания (ТОНП). Методы Был проведен поиск по резюме в базах данных CENTRAL, MEDLINE, EMBASE, LILACS, POPLINE, CAB, а также по регистрам текущих клинических испытаний; организованы контакты со специалистами; просмотрены материалы конференций и рекомендательные списки научных работ. Поиском были охвачены все виды исследований, кроме описаний единичных случаев. Результаты Были выявлены два рандомизированных контролируемых испытания (РКТ), одно исследование «до -после» и два ре троспективных отче та о клинической эффективности и безопасности, а также 18 фармакокинетических исследований. Качество испытаний было в целом низким, а результаты нельзя было обобщить ввиду их разнородности. Эффект от перорального приема амоксициллина в течение пяти дней был таким же, как от внутримышечного введения цефтриаксона в течение двух дней (одно РКТ). Для ТОНП без осложнений какого-либо преимущества амоксициллинa перед плацебо не наблюдалось (одно ретроспективное исследование). Применение стандартной схемы с использованием амплициллина и гентамицина привело к значительному снижению смертности среди госпитализированных детей (отношение шансов, ОШ: 4,0; 95% доверительный интервал, ДИ: 1,7-9,8; одно исследование «до -после»). У детей с пневмонией пероральный прием хлорамфеникола дал такой же результат, что и прием триметоприма-сульфометоксазола (одно РКТ). Данные фармакокинетических исследований позволяют сделать вывод, что нормальные дозы пенициллина, котримоксазола и гентамицина безопасны для детей с недостаточностью питания, тогда как дозировка и частота приема хлорамфеникола требуют коррекции. Имеющиеся данные недостаточно убедительны, чтобы на их основе можно было уточнить рекомендации по применению антибиотиков для лечения детей с ТОНП. Вывод Для определения оптимальной схемы применения антибиотиков при лечении детей, страдающих ТОНП, с осложнениями и без осложнений нужны более масштабные РКТ. Кроме того, необходимо провести дальнейшие исследования токсичности гентамицина и хлорамфеникола, а также фармакокинетики цефтриаксона и ципрофлоксацина.
Resumen
Antibióticos en niños con desnutrición grave: revisión sistemática de su eficacia, seguridad y farmacocinética
Objetivo Revisar sistemáticamente los datos que apoyan las directrices de la Organización Mundial de la Salud que recomiendan la administración de antibióticos de amplio espectro en niños con desnutrición grave (NDG). Métodos Se realizó una búsqueda en los resúmenes CENTRAL, MEDLINE, EMBASE, LILACS, POPLINE, CAB y en los registros de ensayos en marcha. Nos pusimos en contacto con expertos en la materia. Se realizaron búsquedas manuales en listas de referencia y en actas de congresos. Se incluyeron todo tipo de estudios, excepto los informes de casos clínicos individuales.
Resultados Se recuperaron dos ensayos controlados aleatorizados (ECA), un estudio comparativo del antes y el después y dos informes retrospectivos sobre eficacia clínica y seguridad, junto con 18 estudios de farmacocinética. La calidad del ensayo fue generalmente baja y los resultados no se pudieron agrupar debido a su heterogeneidad. El Systematic reviews Antibiotics in severely malnourished children Marzia Lazzerini & David Tickell tratamiento con amoxicilina por vía oral durante 5 días resultó ser tan efectivo como la ceftriaxona intramuscular durante 2 días (1 ECA). La amoxicilina no superó los beneficios de un placebo para el tratamiento de niños con desnutrición grave que no presentaban otras complicaciones (1 estudio retrospectivo). La introducción de un tratamiento estandarizado con ampicilina y gentamicina redujo de manera significativa la mortalidad entre los niños hospitalizados (oportunidad relativa, OR: 4,0; intervalo de confianza del 95%, IC: 1,7-9,8; 1 estudio comparativo del antes y el después). El tratamiento con cloranfenicol por vía oral resultó ser tan efectivo como la combinación de trimetoprima y sulfametoxazol en el tratamiento de niños con neumonía (1 ECA). Los datos de farmacocinética sugieren que las dosis normales de penicilinas, asociación de trimetroprim y sulfametoxazol y gentamicina resultan seguras en niños malnutridos, mientras que, en el caso del cloranfenicol, deberían ajustarse las dosis o la frecuencia de administración. Las evidencias existentes no son lo suficientemente sólidas para aclarar más las recomendaciones sobre tratamientos de antibióticos en niños con desnutrición grave. Conclusión Es necesario realizar amplios ECA para definir el tratamiento óptimo con antibióticos de los niños con desnutrición grave con y sin complicaciones. También es necesario investigar mejor la toxicidad de la gentamicina y el cloranfenicol y la farmacocinética de la deftriaxona y de la ciprofloxacina.
